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[57] ABSTRACT

Novel enzyme conjugates useful in immunoassay meth-
ods are prepared with the use of a novel coupling rea-
gent of N-succinimidyl (4-iodoacetyl) aminobenzoate
by reacting the coupling reagent, firstly, with an amino-
containing macromolecule, and, thereafter, with a sulf-
hydryl-containing enzyme, the enzyme conjugate pre-
pared in a high yield and of high specificity.

4 Claims, No Drawings
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N-SUCCINIMIDYL HALOACETYL
AMINOBENZOATES AS COUPLING AGENTS

This is a division of application Ser. No. 889,726, filed
on Mar. 24, 1978, now U.S. Pat. No. 4,218,539.

BACKGROUND OF THE INVENTION

Enzyme-macromolecule conjugates are typically
used for the detection and determination of substances
present in very low quantities; for example, nanogram
quantities of substances in biological fluids, such as
urine and serum. A wide variety of enzymes may be
used to form the conjugate, but the enzymes selected
are often those enzymes which can be detected with
great sensitivity. The macromolecular portion of the
conjugate presents a wide variety of amino-containing
compounds, including, but not limited to, ntcleic acids,
proteins, hormones, antigens and allergens, which are
characterized in containing amino groups.

Enzymes conjugates are prepared in a conjugation
reaction with a polyfunctional coupling reagent which
links the enzyme and macromolecule together by reac-
tion with one or more of the reactive groups in the
reactants. In the preparation of enzyme conjugates, it is
most desirable to produce enzyme conjugates of high
stability, high specificity and good reproducibility.

In some coupling reactions to prepare enzyme conju-
gates, it has been suggested to employ a conditioner
compound, such as a polyamine, to improve Spec:lfic:lty
of the enzyme conjugate, with resulting improvement in
the detection method due to low signal-to-noise ratio
during detection in the immunochemical test. The prep-
aration of enzyme conjugates, employing prior-art cou-
pling reagents with conditioners, is described in U.S.
Pat. No. 4,002,532, issued Jan. 1, 1977, hereby i lncorpe-
rated by reference.

A new coupling agent has been described for the
preparation of an enzyme-coupled insulin conjugate for
use in the immunoassay of insulin. The coupling agent is
meta-maleimidobenzoyl N-hydroxysuccinimide ester
(MBS), a bifunctional reagent which acylates the amino
groups of the insulin by reaction with the N-hydrox-
ysuccinimide ester group and by forming thioester
bonds with the enzyme by addition of the thiol groups
to the maleimide group. This coupling agent has been
employed in preparing an enzymatically active and
immuno-reactive B-D-galactosidase-MBS-insulin con-
Jugate (see J.Biochem., 79, 233-236 (1976), “Enzyme
Coupled Immunoassay of Insulin Using a Novel Cou-
pling Reagent”, Kitagawa, T and Aikawa, T, hereby
incorporated - by reference). Although the MBS cou-
pling reagent is satisfactory in some respects, it is desir-
able to obtain enzyme conjugates of greater stability
and greater specificity and sensitivity.

SUMMARY OF THE INVENTION

My invention relates to novel coupling reagents and
their method of preparation, which reagents are useful
in the preparation of stable enzyme conjugates, to the
method of preparing the enzyme conjugates. employing
my coupling reagents, and to the use of such enzyme
conjugates in immunoassay methods.

My polyfunctional class of coupling reagents to form

enzyme conjugates with a high yield and specific activ-

ity, comprises, in the generic sense, a reagent which
reacts, firstly, with the amino groups of the macromole-
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2

cule and then with the sulfhydryl groups in the enzyme,

ﬁand are represented by the formula

II
X4CH$C—R

where X is a halogen, preferably iodine; n is a whole
number of from about 1 to 8, preferably 1 to 4; and R
represents any radical which is capable of reacting with

the amino groups of the macromolecule, such radical

including, but not being limited to:

(a) hydroxyl —OH
radicals | '
(b) N-succinimide O
radicals |
C—CHz
| /
(e N
N\
C-—CH;
{
O

(c) haloacidic
radicals - |
~0O—C—[CH;],—X

]:vartm.‘.ulzaurl:5.r an iodoacety! radical

| II
—O0=—C=—CH;—1I

(d) aminobenzoate-N - O
succinimide | il
radicals R C—CH>

O
| M /
AN

C~—CH;
|
O

wherein R 1s hydrogen or an alkyl group, such as
methyl. ;

Other amino- reactmg groups may be employed as the
R radical.

The most preferred coupling reagent is N-succinimi-
dyl (4-iodoacetyl) aminobenzoate (SIAB) having the
structural formula:

. 0
I

H C—CH;

O O
| | /
I-['CHZ']H—=[2|3—1|\I C—O'—'N\

C—CH,
Il
O

The SIAB reagernit produces enzyme conjugates with
unexpectedly high yields and specific immunochemo,
enzyme. and conjugate actlwty Enzyme con_lugates
prepared with SIAB, in comparison to other prior art
coupling reagents, such as MBS, provide enzyme conju-
gates of high stability and high specific conjugate
yields.

Specific useful coupling reagents mclude, but are not
imited to: iodoacetic acid; iodoacetic anhydride; and
N-hydroxysuccinimide ester of iodoacetic acid.

Iodoacetic acid reacts with —NHj> groups in the
presence of a water-soluble carbodiimide, such as 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide. lodo-
acetic anhydride reacts directly with —NH3 groups. In

‘the other cases, my coupling reagents are prepared by
reacting the selected halo organic acid or acid anhy-

dride in a solvent with the R amino-reacting portion of
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the molecule, and the reagent is then recovered. For
example, SIAB is synthesized by reaction of iodoacetic
anhydride with paraaminobenzoic acid in an organic
solvent, such as dioxane. The resultant intermediate
compound is crystallized and the active ester is formed
between the intermediate and N-hydroxysuccinimide,
with a carbodiimide in an organic solvent; for example,
with dicyclohexylcarbodiimide in tetrahydrofuran. The
resultant product, which may be crystallized, is. SIAB.
. The.enzyme conjugates of my invention are prepared
- by..a conjugate reaction between the amino-reacting
substituent of my coupling reagent and the macromole-
cule, .and, thereafter, reacting the halo-reacting agent
with the sulthydryl groups of the enzyme. It is essential
in the preparation of my enzyme conjugates that. the
reaction sequence be, firstly, the reaction of .the R
amino-reacting group, such as the succinimidyl group,
with the amino group of the protein or other macromol-
ecule, and, thereafter, reaction of X with sulfhydryl
groups of the enzyme; otherwise, the R group would
react with the amino group of the enzyme, resulting in
lower yields and a lack of specificity in the resultlng
enzyme conjugate product so prepared.
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For example, my coupling reagent prowdes for the -

preparation of an enzyme conjugate with a high degree
of specific coupling, as represented by the following
tllustrative reaction with SIAB:

[
C-' CH>

l'—'CHg"'C-—O—N C—O"'"N

ﬁ-CHg

. +
Nng protem (e.g., msulm)

I—CH;—C—O—N—@——C“N-pmtem |

enzyme SH

enzyme --S-—CH;—-C*—O—N—-@— C-—N-protem

" Generically the method of preparation would be:

Il
X—[—CHﬁFC-—-R + NH3-protein

II
%X-[—CHZ']—C'—-NH prﬂtem + SH enzyme

. | —% enzymﬂ S-{-CHz']—C-—NH-pmtem + HX .

- Typically SIAB is reacted in an aqueous solution
with amino groups of the macromolecules under mild
conditions. For example, SIAB is reacted with immuno-
globulin in 0.5 M phosphate buffer, pH 7.0. The resul-
tant immunoglobulin derivative is then reacted with an
enzyme which contains sulfhydryl groups. One such
enzyme 1s Beta D galactosidase (BG) isolated from E.
coli. BG is reacted with the derivatized immunoglobu-
lin under mild aqueous conditions. The resulting. BG
macromolecule conjugates so prepared with my cou-
pling reagent have a high degree of enzyme actlwty,
immunological specificity, and are . obtained in ex-
tremely high yields; for example, virtually all the immu-

25

30

35

435

50

33

65

4

noglobulin or other macromolecule and BG are stoi-
chlometrlcally conjugated to each other. The yield of

BG ‘conjugate ‘so achieved ‘is surprisingly high. The

conjugates of BG with either antigens or antibodies

prodiuced with SIAB are useful in enzyme immunoas-

says for various antigens or antibodies, including hepati-
tis, serum proteins, hormones and drugs:

Any SH-reactive enzyme may be used in my method,
such as, for.example, acid and alkaline phosphatases,
alcohol dehydrogenase catalase, glucose and galactose

-oxidases, a- and B-galactosidases, lactate dehydro-

genase, lysozyme, luciferase, peroxldases ribonuclease,
rodhanase and. esterases.
Useful NH»-reactive macromolecules 1nclude deoxy

‘and ribonucleic acids, viral proteins, allergens, immuno-
- globulins, blood groups substances, transplantation anti-

gens, carcino embryonic antigen, alpha-fetoprotein and

.other tumor specific antigens, growth hormones and

other polypf:ptlde hormones.

The SIAB is particularly useful in the preparation of
immunoglobulin-bacterial enzyme B-D-galactosidase
conjugates. The enzyme conjugates of the invention are
used for the detection of antigens, antibodies, allergens,
hormones and other macromolecules in low nanogram,
or less, quantities by immunoassay techniques.

.My unique enzyme conjugates find particular use in
those test experiments and detection techniques relating
to macromolecules, particularly to the detection and

‘determination of nanogram quantities of substances in

biological fluids, such as the detection of antibodies,
antigens, allergens, hormones and the like. In particular

- my SIAB enzyme conjugates find use in enzyme immu-

noassay techniques for hepatitis. In prior-art techniques,
repeated washings of the patient’s serum on the solid
support; that is, an antigen disc, are required to remove
nonspecific, absorbed serum proteins. However, the use
of SIAB conjugate enzymes makes feasible a one-step
enzyme immunoassay method. Limited washing or no

‘washing 1s possible with my SIAB enzyme conjugates,

since all or substantially all of the specific-form enzyme
is bound to the antibody.

My enzyme conjugates may be employed in the pri-
or-art techniques for the detection of antibodies; for
example, as set forth in U.S. Pat. No. 4,002,532 (supra)
wherein the detection method comprises adhering, such
as by absorption, to a solid support or absorbent mate-

rial, such as a disc, which binds or absorbs the antibod-

ies or other macromolecules to be detected; adding to
the solid support material a fluid, such as serum or
urine, to bind the antibodies therein to the support mate-
rial used; for example, incubating the serum with the
disc; washing the support material to remove unbound
components of the fluid, such as nonspecifically bound
and absorbed serum proteins, from the disc surface,
adding the enzyme conjugate to the washed support,
such as by incubation of the disc with an enzyme-active
SIAB protein conjugate, so that the specific enzyme
conjugate 1s bound to the support in proportion to the
quantity of disc-bound antibodies, and thus is a measure

~of the patient’s IgE or other macromolecules to be

quantitated; optionally washing the support to remove
unbound unspecific enzyme conjugate from the support
disc; and determining the enzymatic activity of the
bound enzyme conjugate as a measure of the amount of
bound antibodies.:

In such a detection method, the high Spemﬁc yield of
my enzyme conjugate provides for a high degree of
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coupling with the support material in comparison to
prior-art techniques, as indicated, for example, in the
unexpectedly high signal-to-noise ratio in the detection
method; that is, the enzyme conjugates of my invention
increase sensitivity and specificity by specific bonding 5
of the enzyme conjugate to the solid support, and per-
mit increased sensitivity in the detection of antibodies
with lower quantities of enzyme conjugates and in the
presence of interfering substances not possible in the
prior-art enzyme conjugates. For example, when em-
ploying the SIAB coupling reagent with a human serum
containing a known amount of antigen, the enzyme
conjugate is quite stable, and a determination of the
amount of bound enzyme is about three and one-half
times more than with the MBS coupling reagent at 15
about one-half the amount of enzyme to provide a spe-
cific conjugate with an improvement of about 15 fold.

My invention will be illustrated by specific and pre-
ferred examples; however, it is recognized that various
changes and modifications can be made in such exam-
ples without departing from the spirit and scope of my
invention. |

DESCRIPTION OF SPECIFIC EMBODIMENTS

10

20

EXAMPLE 1 25
Preparation of SIAB Coupling Reagent
N-succinimidyl (4-10doacetyl) aminobenzoate

(SIAB), the preferred coupling reagent of my inven-

tion, was prepared by the following reaction: 30

ay

0 O
I I dioxane -
(I—CH=~C90 + HzN—@C—OH %

() (1) 33
iodacetic p aminobenzoic acid
anhydride J

i
I—CH;—C-N—@—COOH + I=CH>—COOH
40
(III)
H

O
|

I“Cﬂz"C—N—@—COOH +-
amm o

(2)

45

dicyclohexyl
carbodiimide
(IV) 50
A
N
7\
O=C =0 .
I | precipitate
H,C CH> %and 33
| supernatant
N-hydroxysuccinimide
(V)
O
P: CH
O H O —CLH; 60
| | | /
[—-CH;=~C—N C—0—N
\
(VD) C—CH
SIAB I
O
63

evaporated to dryness
from supernatant

6

354 mg of cpd I (103 umoles) were dissolved in 5 ml
dioxane and added to 68.6 mg of cpd II (500 umoles) in
2.5 ml of dioxane and were reacted for 5 hours at room
temperature (20°-25° C.) in the dark and then at 4° C.
for 2 days. A white flocculent precipitates (cpd III) was
isolated by centrifugation and triturated with ether (0.5
ml) three times. The resulting white powder was dried
with hot air with a yield of 160 mg. Cpd III (128 mg;
44— moles) and cpd IV (86.2 mg; 4% 10—4 moles)
were dissolved and reacted in tetrahydrofuran THF
(3.35 ml) at 4° C. for 20 hours. A precipiate was re-
moved and the supernatant liquid was recovered and
evaporated to dryness and triturated with ether, and
pale yellow crystals were recovered of impure SIAB
(cpd VI), yield 135 mg (79.5% yield), mp 172°-175° C.
The impure cpd VI was recrystallized from methyl
alcohol and was washed twice with diethyl ether to
provide white crystals of SIAB having an mp of 194° to
196° C. (decomp). Confirmation of this SIAB composi-
tion was made by elemental analysis.

'EXAMPLE 2
Preparation of SIAB Enzyme_ Conjugates

Rabbit antibodies against sheep immunoglobulin (Ra-
Shlg) were conjugated: to ‘beta-D-galactosidase (BG)
with SIAB to provide an enzyme antibody conjugate.
The purified RaShig and the 'BG were obtained as set
forth in Example 1, U.S. Pat. No. 4,002,532. A mixture
of RaShlg (3.9 mg, 2.63 X 10—2moles) and SIAB (30A of
3.6 mg/ml of THF) was prepared in an agqueous 0.05 M
sodium-phosphate-buffered solution (pH 7.0) and the
mixture was permitted to react at room temperature
overnight; that is, 12 hours in the dark, to provide an
acylated RaShlg product, with some’ of the amino
groups of the antibodies reacted with the active suc-
cinimidyl group of the SIAB coupling reagent. The
reaction was quenched by the addition of glycine (30A,
4.5 X 10—2 moles) to the acylated RaShlg for 3 hours at
room temperature in the dark. To the quenched RaShlg
was added BG (25 X molar excess of RaShlg over BG),
with the solution adjusted to a pH of 7.8 at 4° C. for 2
days. Thereafter, the reaction of the iodine radical with
the sulfhydryl of the enzyme BG was quenched by the
addition of 2-mercaptoethanol (4xX10—3 M), and the
mixture was maintained at room temperature for 3
hours. The RaShlg-BG conjugate so obtained was di-
luted, clarified and recovered. There was not detectable
loss in activity of enzyme as a result of the coupling

procedure. |
EXAMPLE 3
Preparation of Iodoacetyl N-Succinimide (INS)
O
‘l’ll CH
O 2 2 Y
| /
|—-CH—C—OH + H~N +-
N
(1) C—CH>
(266 mg) c!’;l)
(V)
(164 mg)

| o dioxane (3 ml) ;
N=C=N 4° C. overnight

(IV) (294 mg)
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SIAB was rising monotonically while the MBS S/N
went through a maximum value. Thus, SIAB conju-
gates could be used at even lower than unit concentra-

tions to provide even better S/N ratios. The S/N ratios
establish that the SIAB con_]ugates are highly specific in |
comparison to prior-art conjugates. This is borne out by

a comparison of SIAB and W-R conjugates in a test for
HB;Ag (Table II).
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-continued * TABLEII
o | Ccmpari-ﬁdn of Conjugd'teq*' of Beta Galactosidase (BG) in a
g_"_ Cﬁg Test for HeEdtltIS B-Surface Angiten (HB,Ag)
| - || / | 5 - HBAg (ng) " SIAB** - W-R** ' SIAB/W R
I“CHZ"'C“O""'N 0 o . 0 —
\c—éH . AP o
(ViI) “ : R 004627 00115 - 4.02 -
2 313 .. .00322 .. .00196 . 1.64 -
6.25 00815 . .00226 3.61
| 10 625 00645 00156 4.13
| ' 12.50° | 01435 °  ~ 00786 1.83
~ EXAMPLE 4 12,50 0 7 01275 - 00766 166
25.00 .02035.: .01376 - 1.55
Comparison of RaShIg-BG Con_lugates 25.00 02145 01396 1.54
.The conjugate SO prepared was prepared in a buff- “*Conjugates are.Rabbit anti-goat g coupled to beta galactosidase used to detect
£ £ | 15 goat anti-HBAg.
ered CnzyImc SO]UthH of standard units (10,000) o1 €n- ""'Nllmhﬂl'*- ure unltu nf HG bnund m cach tmmunmnrhent dm.
zyme activity per ml and tested, as in U.S. Pat. No. | | o |
4,002,532 (column 5, line 55-column 6, line 1), to deter- | The average SIAB/W-R 1S 2-5; 'that' iS; an average of
mine that the conjugate exhibited a high degree of spec- 2.5 times more-SIAB conjugate was specifically bound.
ificity as illustrated by the S/N ratio shown in the table o The procedure followed was that set forth in the Welt-
below. wh man et al patent (supra) | | -
en compared with the same conjugates pre- What T claim is:
pared in a similar manner, but with prior-art coupling oble £ . |
ts MBS and WR a ent (see US. Pat. No. 1. A compound su}tab e for use as a coupling reagent
agen 5 to form enzyme conjugates, of the formula:
4,002,532, Example 1). | | * -
- 25
TABLE 1 | - "
Comparison of §/N of Sheep Immunoglobulin (Shlg) X-[-CHﬂﬁc—
Conjugates of ‘Beta Galactosidase (BG) : ~ | | |
_ - . i Coupling : wherein X is a halogen n is a whole number of from 1
Units of Shlg-BG . _Reagent - 30 to 8; and R is an amino-reactive group having the for-
Added Per Disc - SIAB* MBS* W-R. mu]a of:
1 9% %7 41 1  67x4 |
10 63 2 58 | 52 + 2 | O |
100 3242 T 18+0 20+ 1 - D |
- e 1 R, O C—CH;
*Numbers are 8/N = standard deviation of duplicate measurements. S is binding to | Il /
immuno specific RaShlg discs. N is binding to normal nonspecific Rabbit Rlg discs. LN C—0O—N o
| | | \
The maximum S/N ratio for SIAB-is almost twice the o ﬁ_ Hy
S/N for the MBS coupling agent, and the S/N for -0 |

wherein R is a hydrogen or a lower alkyl group.
2. The compound of clalm 1 wherein R 1s a methyl

group. -
3. The compound of claim 1 ‘wherein X is an iodo

group.
- 4. The compound of claim 1, which compound 1S

N-succinimidyl (4-iodoacetyl) aminobenzoate.
* % * % ¥
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